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(57) ABSTRACT

A control system of a vehicle includes an engine, a continu-
ously variable transmission, drive wheels, a clutch, and an
clectronic control unit. The electronic control unit 1s con-
figured to release the clutch and stop the engine when a
predetermined execution condition 1s satisfied during trav-
cling, such that the vehicle performs coasting. The electronic
control unit 1s configured to keep the continuously variable
transmission at a speed ratio established at start of the
coasting, during the coasting of the vehicle. The electronic
control unit 1s configured to restart the engine that has been
stopped and perform downshift of the continuously variable
transmission, when a predetermined return condition 1s
satisfied during the coasting. The electronic control unit 1s
configured to engage the clutch after the downshiit 1s started,
such that the vehicle returns from the coasting.
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CONTROL SYSTEM OF VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2015-
121496 filed on Jun. 16, 2015 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

1. Field

The disclosure relates to a control system of a vehicle.

2. Description of Related Art

A vehicle control system 1s known which releases a clutch
during traveling, so that the vehicle travels in a coasting
mode, 1 a condition where power cannot be transmitted
between an engine and drive wheels. The clutch may be
called “engine-disconnecting clutch”.

In Japanese Patent Application Publication No. 2012-
149657 (IP 2012-149657 A), a vehicle in which the engine-
disconnecting clutch 1s provided upstream of a continuously
variable transmission 1s described. A control system of this
vehicle 1s configured to shift up the continuously variable
transmission, based on a road gradient, during traveling in
the coasting mode 1n which the clutch is released.

SUMMARY OF THE DISCLOSURE

The engine-disconnecting clutch may be provided down-
stream of the continuously variable transmission, namely,
between the continuously variable transmission and drive
wheels. When the clutch disposed downstream of the con-
tinuously variable transmission 1s released, and the engine 1s
stopped, the vehicle travels 1n the coasting mode. During
coasting, rotation of the continuously variable transmission
1s stopped. If rotation of the continuously variable transmis-
s10m 1s stopped, the iput shaft speed and output shait speed
of the continuously variable transmission become equal to
zero, and the speed ratio cannot be detected. Furthermore,
the speed ratio of the continuously varniable transmission
cannot be changed. Therefore, during coasting, the continu-
ously variable transmission i1s supposed to be kept i a
condition at the time when coasting 1s started. However, 1n
the case where the vehicle starts coasting at a high vehicle
speed, and returns from coasting to normal traveling at a low
vehicle speed, if the clutch 1s engaged at the time of return,
in a condition where the speed ratio of the continuously
variable transmission 1s kept at the speed ratio established at
the time when coasting was started, the engine speed may
become lower than a rotational speed range of normal
traveling. Namely, when the vehicle returns from coasting,
excessively large noise and vibration (NV) or engine stall
may occur. As a result, the driver may feel strange or
uncomiortable.

The disclosure provides a vehicle control system that
makes 1t less likely or unlikely for the driver to feel strange
or uncomiortable, when the vehicle returns from a coasting
mode to a normal traveling mode.

A control system of a vehicle according to one aspect of
the disclosure includes an engine, a continuously variable
transmission, drive wheels, a clutch, and an electronic
control unit. The drive wheels receive drive power from the
engine via a power transmission path that extends through
the continuously variable transmission. The clutch 1s pro-
vided between the continuously variable transmission and
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the drive wheels 1n the power transmission path. The elec-
tronic control unit 1s configured to release the clutch and stop
the engine when a predetermined execution condition 1s
satisfied during traveling, such that the vehicle performs
coasting. The electronic control unit 1s configured to keep
the continuously variable transmission at a speed ratio
established at start of the coasting, during the coasting of the
vehicle. The electronic control unit 1s configured to restart
the engine that has been stopped and perform downshiit of
the continuously variable transmission, when a predeter-
mined return condition 1s satisfied during the coasting. The
clectronic control unit 1s configured to engage the clutch
after the downshift 1s started, such that the vehicle returns
from the coasting.

The control system of the vehicle according to the above
aspect of the disclosure performs downshiit of the continu-
ously variable transmission before engaging the clutch,
when the vehicle returns from coasting. Thus, reduction of
the engine speed can be curbed when the clutch 1s engaged.

In the control system of the vehicle according to the above
aspect of the disclosure, the electronic control unit may be
configured to shift the continuously variable transmission,
based on a shift map using a vehicle speed and an input shaft
speed of the continuously variable transmission as param-
cters. The electronic control unit may be configured to set a
speed ratio at which the input shait speed 1s larger than a
predetermined value at the vehicle speed detected when the
return condition 1s satisfied, as a target speed ratio, based on
the vehicle speed detected when the return condition 1s
satisfied, and the shift map. The electronic control unit may
be configured to perform the downshiit so as to increase the
speed ratio of the continuously vaniable transmission toward
the target speed ratio.

According to the control system of the vehicle as
described above, the speed ratio at which the mput shaft
speed 1s larger than the predetermined value at the vehicle
speed at the time when the return condition 1s satisfied 1s set
as the target speed ratio. Since the continuously variable
transmission 1s shifted down toward the target speed ratio,
reduction of the engine speed can be curbed when the clutch
1s engaged.

In the control system of the vehicle as described above,
the return condition may include a case where an accelerator
pedal 1s depressed, and a case where a brake pedal 1s
depressed. The electronic control unit may be configured to
set the target speed ratio, such that the target speed ratio 1n
the case where the accelerator pedal 1s depressed 1s smaller
than the target speed ratio in the case where the brake pedal
1s depressed.

According to the control system of the vehicle as
described above, since an acceleration request 1s made when
the accelerator pedal 1s depressed, the target speed ratio 1s set
to a relatively small value, and the input shaft speed as a
target value 1s set to a relatively low value, so that the
amount of increase of the engine speed to the target value
during downshiit can be reduced, and the length of time
required until the clutch 1s engaged can be reduced. The
input shait speed as the target value 1s included within a
rotational speed range in which no problem arises from
noise and vibration, and engine stall. Thus, when the vehicle
returns irom coasting, the response can be improved, and
deterioration of noise and vibration and engine stall can be
suppressed, so that the driver 1s less likely or unlikely to feel
strange or uncomifortable. Also, when the brake pedal 1s
depressed, the rotational speed of the drive wheels 1is
reduced; theretfore, the target speed ratio 1s set to a relatively
large value, and the mput shaft speed as the target value 1s
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set to a relatively high speed, so that deterioration of noise
and vibration and occurrence of engine stall can be curbed.

In the control system of the vehicle as described above,
the electronic control unit may be configured to engage the
clutch, when a difference between the speed ratio of the
continuously variable transmission which 1s increased due to
the downshift, and the target speed ratio, 1s equal to or
smaller than a predetermined threshold value.

According to the control system of the vehicle as
described above, the continuously variable transmission 1s
shifted down while the clutch is released; theretfore, it the
difference between the speed ratio of the continuously
variable transmission and the target speed ratio 1s reduced,
a diflerence between the rotational speeds of engaging
clements of the clutch 1s reduced. Namely, when the difler-
ence between the target speed ratio and the actual speed ratio
1s equal to or smaller than the predetermined threshold
value, the rotational speeds of the engaging elements of the
clutch that 1s being released are close to the synchronous
speed. Accordingly, when the vehicle returns from coasting,
the clutch can be engaged 1n a condition where the rotational
speeds are substantially equal to each other.

In the control system of the vehicle according to the above
aspect of the disclosure, the electronic control unit may be
configured to start the downshiit, after the engine that is
restarted 1s brought into a self-operating state.

According to the control system of the vehicle as
described above, the downshift of the continuously variable
transmission 1s started after the engine 1s brought into the
self-operating or self-rotating state, so that the shifting
operation can be smoothly started. Thus, the shift response
at the time of return from coasting can be 1mproved.

In the control system of the vehicle according to the above
aspect ol the disclosure, the clutch may include a hydraulic
actuator. The hydraulic actuator may be configured to fric-
tionally engage engaging elements of the clutch. The elec-
tronic control unit may be configured to control a hydraulic
pressure of the hydraulic actuator, during downshiit of the
continuously variable transmission, such that the hydraulic
pressure becomes equal to a pressure level that 1s higher than
zero, and 1s within a range in which the clutch does not
produce a transmission torque capacity.

According to the control system of the wvehicle as
described above, the gap between the engaging elements of
the clutch 1s reduced during downshift control, so that the
response at the time of clutch engagement 1s 1mproved.
Thus, the response at the time of return from coasting can be
improved.

According to the control system of the vehicle according
to the above aspect of the disclosure, when the vehicle
returns from the coasting mode in which the clutch 1s
released and the engine 1s stopped, the engine 1s restarted
and the continuously variable transmission 1s shifted down,
betfore the clutch 1s engaged. With this arrangement, when
the vehicle returns from coasting to normal traveling, reduc-

tion of the engine speed can be curbed, so that the driver 1s
less likely or unlikely to feel strange or uncomiortable.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
described below with reference to the accompanying draw-
ings, i which like numerals denote like elements, and
wherein:
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FIG. 1 1s a skeleton diagram schematically showing a
vehicle 1n which a control system as one embodiment of the

disclosure 1s used;

FIG. 2 1s a functional block diagram showing one
example of the vehicle control system:;

FIG. 3 1s an engagement table indicating engagement
states 1n each of traveling modes;

FIG. 4 1s a hydraulic circuit diagram showing one
example of a hydraulic control system;

FIG. SA and FIG. 5B are flowcharts illustrating one
example of free-running control;

FIG. 6 1s a view showing one example of a shift map;

FIG. 7 1s a time chart showing changes 1n vehicle con-
ditions when the vehicle returns from free running;

FIG. 8A and FIG. 8B are flowcharts illustrating another
example of free-running control; and

FIG. 9 1s a view showing another example of a shiit map.

DETAILED DESCRIPTION OF EMBODIMENTS

Referring to the drawings, a vehicle control system
according to one embodiment of the disclosure will be
specifically described.

FIG. 1 1s a skeleton diagram showing one example of a
vehicle that 1s controlled by the vehicle control system of
this embodiment. The vehicle Ve includes an engine 1 as a
power source. The power generated from the engine 1 1s
transmitted to drive wheels 11, via a torque converter 2 as a
hydraulic transmission device, an mput shait 3, a forward/
reverse switching mechanism 4, a belt-type continuously
variable transmission (which will be called “CVT”) 5 or a
gear train 6, an output shaft 7, a counter gear mechanism 8,
a differential gear unit 9, and axles 10. A second clutch C2
as a clutch for disconnecting the engine 1 from the drive
wheels 11 1s provided downstream of the CVT 5. When the
second clutch C2 1s released, torque cannot be transmitted
between the CVT 5 and the output shaft 7, and the CVT 3
as well as the engine 1 1s disconnected from the drive wheels
11.

More specifically, the torque converter 2 includes a pump
impeller 2a coupled to the engine 1, a turbine runner 25 that
1s opposed to the pump impeller 2a, and a stator 2¢ disposed
between the pump 1mpeller 2a and the turbine runner 2b.
The interior of the torque converter 2 1s filled with a working
fluid (o1l). The pump mmpeller 2a rotates as a unit with a
crankshaft 1a of the engine 1. The mput shait 3 1s coupled
to the turbine runner 26 so as to rotate as a unit with the
turbine runner 2b. The torque converter 2 includes a lock-up
clutch. When the lock-up clutch is 1n an engaged state, the
pump i1mpeller 2a and the turbine runner 25 rotate as a unait.
When the lock-up clutch 1s 1n a released state, the power
generated from the engine 1 1s transmitted to the turbine
runner 26 via the working fluid. The stator 2¢ 1s held by a
fixed part, such as a case, via a one-way clutch.

Also, a mechanical o1l pump (MOP) 41 1s connected to
the pump 1mpeller 2a, via a transmission mechanism, such
as a belt mechanism. The mechanical o1l pump 41, which 1s
connected to the crankshait 1a via the pump 1mpeller 2a, 1s
adapted to be driven by the engine 1. The mechanical o1l
pump 41 and the pump 1mpeller 2a may be arranged to rotate
as a unit.

The mput shait 3 1s coupled to the forward/reverse
switching mechanism 4. When the forward/reverse switch-
ing mechanism 4 transmits engine torque to the drive wheels
11, it switches the direction of torque applied to the dnive
wheels 11 between the forward direction and the reverse
direction.

The forward/reverse switching mechanism 4,
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which 1s a differential mechanism, 1s in the form of a
double-pinion type planetary gear mechanism 1n the
example shown in FIG. 1. The forward/reverse switching
mechanism 4 includes a sun gear 4S, a ring gear 4R disposed
concentrically with the sun gear 4S, a first p1111011 gear 4P,
that meshes with the sun gear 45, a second pinion gear 4P,
that meshes with the first pinion gear 4P, and the ring gear
4R, and a carrier 4C that holds the pinion gears 4P,, 4P,
such that each of the pinion gears 4P, 4P, can rotate about
itsell and about the axis of the mechanism 4. A drive gear 61
of the gear train 6 1s coupled to the sun gear 4S such that the
drive gear 61 rotates as a unit with the sun gear 45. The 1mnput
shaft 3 1s coupled to the carrier 4C such that the mput shaft
3 rotates as a unit with the carrier 4C. Also, a first clutch C1
1s provided for selectively rotating the sun gear 4S and the
carrier 4C as a unit. When the first clutch C1 1s engaged, the
whole of the forward/reverse switching mechanism 4 rotates
as a unit. Further, a brake B1 i1s provided for selectively
fixing the ring gear 4R so as to mhibit the ring gear 4R from
rotating. The first clutch C1 and the brake B1 are hydraulic
devices.

If the first clutch C1 i1s engaged, and the brake Bl 1s
released, for example, the sun gear 4S5 and the carrier 4C
rotate as a unit. Namely, the input shaft 3 and the drive gear
61 rotate as a unit. If the first clutch C1 1s released, and the
brake B1 1s engaged, the sun gear 4S5 and the carrier 4C
rotate 1n opposite directions. Namely, the input shait 3 and
the drive gear 61 rotate in opposite directions.

In the vehicle Ve, the CV'T 5 as a stepless speed change
part, and the gear train 6 as a stepped speed change part, are
provided in parallel with each other. As power transmission
paths between the mput shaft 3 and the output shaft 7, a
power transmission path (which will be called “first path™)
that extends through the CVT 5, and a power transmission
path (which will be called “second path”) that extends
through the gear train 6 are formed in parallel with each
other.

The CV'T 5 includes a primary pulley 31 that rotates as a
unit with the input shatt 3, a secondary pulley 52 that rotates
as a unit with a secondary shaft 54, and a belt 53 that 1s
wrapped around V grooves formed 1n the pair of pulleys 51,
52. The input shait 3 serves as a primary shait. With the
V-groove width of each of the pulleys 51, 52 changed, the
engaging radi1 of the belt 53 are changed, so that the speed
ratio v of the CV'T 5 can be continuously changed. The speed
ratio v of the CVT 5 continuously varies within a range from
the maximum speed ratio vy, _ (the lowest gear) to the
mimmum speed ratio v, . (the highest gear).

The primary pulley 51 includes a fixed sheave 531a formed
integrally with the input shait 3, a movable sheave 515 that
can move 1n the axial direction on the mput shaft 3, and a
primary hydraulic cylinder 51¢ that applies thrust to the
movable sheave 51b. A sheave face of the fixed sheave 51a
and a sheave face of the movable sheave 515 are opposed to
cach other, so as to form the V groove of the primary pulley
51. The primary hydraulic cylinder 51c¢ 1s located on the
back side of the movable sheave 515. The hydraulic pressure
(which will be called “primary pressure™) P, 1n the primary
hydraulic cylinder 351c¢ produces thrust for moving the
movable sheave 515 toward the fixed sheave 51a.

The secondary pulley 52 includes a fixed sheave 52a
formed integrally with the secondary shait 54, a movable
sheave 52b that can move in the axial direction on the
secondary shaft 54, and a secondary hydraulic cylinder 52¢
that applies thrust to the movable sheave 52b. A sheave face
of the fixed sheave 52aq and a sheave face of the movable
sheave 52b are opposed to each other, so as to form the V
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groove of the secondary pulley 52. The secondary hydraulic
cylinder 52c¢ 1s located on the back side of the movable
sheave 52b. The hydraulic pressure (which will be called
“secondary pressure”) P_ . 1n the secondary hydraulic cyl-
inder 52¢ produces thrust for moving the movable sheave
52b6 toward the fixed sheave 52a.

The second clutch C2 1s provided between the secondary
shaft 54 and the output shaft 7, and 1s operable to selectively
disconnect the CVT 3 from the output shatt 7. If the second
clutch C2 1s engaged, for example, the CVT 5 and the output
shaft 7 are connected to each other such that power can be
transmitted therebetween, and the secondary shaft 34 and
the output shaft 7 rotate as a unit. It the second clutch C2 1s
released, the secondary shait 54 and the output shaft 7 are
disconnected from each other such that torque cannot be
transmitted therebetween, and the engine 1 and the CVT 5
are disconnected from the drive wheels 11. The second
clutch C2 1s a hydraulic device. Engaging elements of the
second clutch C2 are arranged to be Irictionally engaged
with each other by means of a hydraulic actuator.

An output gear 7a and a driven gear 63 are mounted on
the output shaft 7 such that the gears 7a, 63 rotate as a unit
with the shaft 7. The output gear 7a meshes with a counter
driven gear 8a of the counter gear mechanism 8 as a speed
reduction mechanism. A counter drive gear 85 of the counter
gear mechanism 8 meshes with a ring gear 9a of the
differential gear unit 9. The right and left drive wheels 11, 11
are connected to the differential gear unit 9, via right and left
axles 10, 10, respectively.

The gear train 6 includes the drive gear 61 that rotates as
a unit with the sun gear 4S of the forward/reverse switching
mechanism 4, and the driven gear 63 that rotates as a umit
with the output shait 7. The gear train 6 1s a speed reduction
mechanism, and the speed ratio (gear ratio) of the gear train
6 1s set to a predetermined value that 1s larger than the
maximum speed ratio v_ ol the CVT 5. The speed ratio of
the gear train 6 1s a fixed speed ratio. When the vehicle Ve
1s started, torque 1s transmitted from the engine 1 to the drive
wheels 11 via the gear train 6. The gear train 6 functions as
a start gear.

The drnive gear 61 meshes with the counter driven gear
62a of the counter gear mechanism 62. The counter gear
mechanism 62 includes the counter driven gear 62a, a
counter shait 625, and a counter drive gear 62c¢ that meshes
with the driven gear 63. The counter driven gear 62a 1s
mounted on the counter shaft 625 so as to rotate as a umt
with the shaft 625. The counter shait 6256 1s disposed in
parallel with the mput shait 3 and the output shaft 7. The
counter drive gear 62¢ 1s arranged to be able to rotate
relative to the counter shait 62b. Also, a meshing-type
engaging device (which will be called “dog clutch™) S1 1s
provided for selectively rotating the counter shait 626 and
the counter drive gear 62¢ as a unit.

The dog clutch S1 includes a pair of engaging elements
64a, 646 of meshing type, and a sleeve 64¢ that can move
in the axial direction. The first engaging element 644 1s a hub
that 1s splined to the counter shatt 625. The first engaging
clement 64a and the counter shaft 625 rotate as a unit. The
second engaging element 645 1s coupled to the counter drive
gear 62¢ so as to rotate as a unit with the gear 62¢. Namely,
the second engaging element 64H rotates relative to the
counter shait 625. When spline teeth formed on the 1nner
circumierential surface of the sleeve 64¢ are brought into
meshing engagement with spline teeth formed on the outer
circumierential surfaces of the engaging elements 64a, 645,
the dog clutch S1 1s placed 1n an engaged state. With the dog
clutch S1 thus engaged, the drive gear 61 and the driven gear
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63 are connected to each other such that torque can be
transmitted between the gears 61, 63 (via the second path).
When the second engaging element 645 and the sleeve 64c
are disengaged from each other, the dog clutch S1 1s placed
in a released state. With the dog clutch S1 thus released, the
drive gear 61 and the driven gear 63 are disconnected from
cach other such that torque cannot be transmitted between
the gears 61, 63 (via the second path). The dog clutch S1 1s
a hydraulic clutch, and the sleeve 64¢ 1s moved in the axial
direction, by means of a hydraulic actuator.

FIG. 2 1s a functional block diagram schematically show-
ing the vehicle control system of this embodiment. The

vehicle control system includes an electronic control unit
(which will be called “ECU”) 100 that controls the vehicle
Ve. The ECU 10, which 1s mainly constituted by a micro-
computer, performs computations using input data and data
stored 1n advance, and outputs the results of computations as
command signals.

The ECU 100 receives signals from various sensors
31-38. A vehicle speed sensor 31 detects the vehicle speed
V. An 1input shaft speed sensor 32 detects the rotational speed
(which will be called “input shatt speed”) N, of the input
shaft 3. Since the mput shait 3 and the turbine runner 25
rotate as a unit, the input shaft speed sensor 32 may be said
to detect the rotational speed (which will be called “turbine
speed”) N, of the turbine runner 25. The nput shait speed
N. 1s equal to the turbine speed N,. A first output shatt speed
sensor 33 detects the rotational speed (which will be called
“first output shaft speed”) N_ .. of the secondary shaft 54. A
second output shaft speed sensor 34 detects the rotational
speed (which will be called “second output shaft speed”)
N_ ., of the output shaft 7. The rotational speed detected at
a point upstream of the second clutch C2 i1s the first output
shaft speed N_ .., and the rotational speed detected at a point
downstream of the second clutch C2 is the second output
shaft speed N_ ... An engine speed sensor 35 detects the
rotational speed (which will be called “engine speed”) N_ of
the crankshaft 1a. An accelerator pedal position sensor 36
detects the operation amount of an accelerator pedal (not
shown). A brake stroke sensor 37 detects the operation
amount of a brake pedal (not shown). A shift position sensor
38 detects the position of a shuft lever (not shown). The ECU
100 can also detect (calculate) the speed ratioy (=N_ /N_ )
of the CVT 5 by dividing the mput shaft speed N, by the
first output shatt speed N__.,, during rotation of the CVT 5.

The ECU 100 1ncludes a traveling controller 101, a return
controller 102, a speed ratio setting unit 103, and a deter-
mimng unit 104.

The traveling controller 101 controls the vehicle Ve 1n a
selected one of two or more traveling modes. One example
of the traveling modes 1s a free-running mode. In the
free-running mode, the second clutch C2 as a clutch for
disconnecting the engine 1s released, and the engine 1 1s
automatically stopped, so as to permit the vehicle Ve to
coast, 1.e., travel by inertia. The ECU 100 performs iree-
running control when a given execution condition 1s satis-
fied, so as to shiit the vehicle Ve from normal traveling to
free running. Also, when a given return condition 1s satisfied
during free running, the return controller 102 performs
control (return control) for returning the vehicle Ve from free
running to normal traveling. By returning to normal travel-
ing, the vehicle Ve is able to travel with power generated by
the engine 1. The speed ratio setting unit 103 sets the speed
ratio v of the CV'T 5. The determining unit 104 determines
whether the execution condition or the return condition 1s
satisiied.
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The ECU 100 outputs a command signal to the engine 1,
so as to control the fuel supply amount, intake air amount,
fuel 1yection, 1gnition timing, and so forth. The ECU 100
also outputs a hydraulic command signal to a hydraulic
control system 200, so as to control shifting operation of the
CV'T 5, and operation of the respective engaging devices,
such as the first clutch C1. The hydraulic control system 200
supplies hydraulic pressures to the respective hydraulic
cylinders 51c¢, 52¢ of the CV'T 5, and hydraulic actuators of
the respective engaging devices C1, C2, B1, S1. By con-
trolling the hydraulic control system 200, the ECU 100
performs control for switching the power transmission path
between the first path and the second path, shift control of
the CVT 5, control for switching the vehicle among various
traveling modes, and so forth.

FIG. 3 1s an engagement table indicating various traveling,
modes. In FIG. 3, “O” denotes an engaged state, and “x”
denotes a released state, as an operating state of the engaging
device 1 question. Regarding the positions of the shiit lever,
“D” denotes the drive position, “R” denotes the reverse
position, “P” denotes the parking position, and “N” denotes
the neutral position.

The traveling modes are divided into those of normal
time, and those of free running. Normal traveling (D)
includes three traveling modes, 1.e., starting, middle-speed
and high-speed modes. When the vehicle 1s started, the first
clutch C1 and the dog clutch S1 are engaged, and the second
clutch C2 and the brake B1 are released. The power trans-
mission path during starting 1s set to the second path that
extends through the gear train 6. When the vehicle speed V
increases to some extent after starting, clutch changeover
control for releasing the first clutch C1 and engaging the
second clutch C2 1s performed, so that the traveling mode
shifts from the starting mode to the middle-speed mode. In
the middle-speed mode, the second clutch C2 and the dog
clutch S1 are engaged, and the first clutch C1 and the brake
B1 are released. The power transmission path during
middle-speed traveling 1s set to the first path that extends
through the CVT 5. Namely, during transition from the
starting mode to the middle-speed mode, the power trans-
mission path switches from the second path to the first path.
The changeover control of the first clutch C1 and the second
clutch C2 1s clutch-to-clutch control for gradually changing
the transmission torque capacity. If the vehicle speed V
further increases during middle-speed traveling, the dog
clutch S1 1s released, so that the traveling mode shifts from
the middle-speed mode to the high-speed mode. In the
high-speed mode, the second clutch C2 1s engaged, and the
first clutch C1, brake B1, and the dog clutch S1 are released.
During transition from the middle-speed mode to the high-
speed mode, no switching of the paths 1s performed, and the
power transmission path remains the first path.

When the vehicle Ve 1s 1n a reverse drive mode (R), the
brake B1 and the dog clutch S1 are engaged, and the first
clutch C1 and the second clutch C2 are released, so that the
power transmission path 1s set to the second path that
extends through the gear train 6. When the shift position 1s
“N” or “P”, the dog clutch S1 1s engaged, and the first clutch
C1, second clutch C2, and the brake B1 are released.

The free running includes a middle-speed mode and a
high-speed mode. In the free-running middle-speed mode,
the dog clutch S1 1s engaged, and the first clutch C1, second
clutch C2, and the brake B1 are released. In the free-running
high-speed mode, the first clutch C1, second clutch C2,
brake B1 and the dog clutch S1 are released. The power
transmission path during free running 1s set to the first path.
For example, transition from normal traveling to free run-
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ning includes transition from the normal-time (D) middle-
speed mode to the free-running middle-speed mode, and
transition from the normal-time (D) high-speed mode to the
free-runnming high-speed mode. If the second clutch C2 1s
released during traveling in the normal middle-speed mode
(D), the traveling mode shifts to the free-running middle-
speed mode. If the second clutch C2 1s released during
traveling in the normal high-speed mode (D), the traveling
mode shifts to the free-running high-speed mode. When the
vehicle returns from free runming to normal traveling, the
second clutch C2 i1s engaged. If the second clutch C2 1s
engaged during traveling in the free-running middle-speed
mode, the vehicle returns to the normal middle-speed mode
(D). If the second clutch C2 1s engaged during traveling in

the free-running high-speed mode, the vehicle returns to the
normal high-speed mode (D).

FIG. 4 1s a hydraulic circuit diagram showing one
example of the hydraulic control system 200. The hydraulic
control system 200 includes, as hydraulic supply sources,
the mechanical o1l pump 41 driven by the engine 1, and an
clectric o1l pump 43 driven by an electric motor (M) 42. A
battery (not shown) 1s electrically connected to the electric
motor 42. Each of the pumps 41, 43 sucks o1l stored in an
o1l pan, and feeds the o1l under pressure to a first o1l passage
201. The o1l delivered from the electric o1l pump 43 1is
supplied to the first o1l passage 201 via a second o1l passage
202. The first o1l passage 201 and the second o1l passage 202
are connected via a check valve. When the hydraulic pres-
sure of the first o1l passage 201 1s higher than that of the
second o1l passage 202, the check valve closes. When the
hydraulic pressure of the first o1l passage 201 1s lower than
that of the second o1l passage 202, the check valve opens.
During iree running, for example, the engine 1 1s stopped,
and the mechanical o1l pump 41 cannot be driven; therefore,
the electric o1l pump 43 1s driven so that pressurized o1l 1s
supplied to the first o1l passage 201.

The hydraulic control system 200 includes a first pressure
regulation valve 211 that regulates the hydraulic pressure of
the first o1l passage 201 to a first line pressure P, ,, a second
pressure regulation valve 212 that regulates the pressure of
the o1l discharged from the first pressure regulation valve
211 to a second line pressure P, ,, a first pressure reduction
valve (modulator valve) 213 that regulates the first line
pressure P,, as an original pressure to a given modulator
pressure P, ., a second pressure reduction valve (speed ratio
control valve) 214 that regulates the first line pressure P, , as
an original pressure to the primary pressure P, , and a third
pressure reduction valve (clamping force control valve) 215
that regulates the first line pressure P,, as an original
pressure to the secondary pressure P_ .. The first pressure
regulation valve 211 1s controlled, based on a control pres-
sure generated from a linear solenoid valve (not shown), so
as to produce the first line pressure P,, commensurate with
traveling conditions. The o1l whose pressure 1s regulated to
the second line pressure P, , by the second pressure regula-
tion valve 212 1s supplied to the torque converter 2. The o1l
discharged from the second pressure regulation valve 212 1s
supplied to a lubrication system including meshing parts of
gears.

A plurality of linear solenoid valves SLL1, SL2, SL3, SLP,
SLS are connected to the first pressure reduction valve 213,
via a third o1l passage 203. Each of the linear solenoid valves
SL1, SL2, SL3, SLP, SLS 1s controlled by the ECU 100 1n
terms ol 1ts energization, non-energization and current,
independently of each other, so as to regulate the hydraulic
pressure according to a hydraulic command signal.
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The linear solenoid valve SL1 regulates the modulator
pressure P,, to a first clutch pressure P, according to a
hydraulic command signal, and supplies the pressure P, to
the first clutch C1. The linear solenoid valve SL2 regulates
the modulator pressure P,, to a second clutch pressure P,
according to a hydraulic command signal, and supplies the
pressure P, to the second clutch C2. The linear solenoid
valve SL3 regulates the modulator pressure P, , to a supply
hydraulic pressure P, according to a hydraulic command
signal, and supplies the pressure P, to the dog clutch S1 and
the brake B1. The linear solenoid valve SL3 1s connected to
the dog clutch S1 and the brake B1, via a changeover valve
206. The changeover valve 206 mechanically or electrically
operates, based on operation of the shift lever, to change the
o1l passages. When the shift lever 1s 1in the “D” position, the
supply hydraulic pressure P, 1s supplied to the dog clutch
S1. When the shift lever 1s 1n the “R” position, the supply
hydraulic pressure P, 1s supplied to the dog clutch S1 and
the brake B1. When the shift lever 1s 1n the “P” or “N”

position, the supply o1l pressure P, 1s supplied to the dog
clutch S1.

The linear solenoid valve SLP regulates the modulator
pressure P, cas an original pressure, to a signal pressure P, .,
and delivers the signal pressure P.; » to the second pressure
reduction valve 214. The linear solenoid valve SLS regulates
the modulator pressure P, ,as an original pressure, to a signal
pressure P, ., and delivers the signal pressure P, . to the
third pressure reduction valve 215.

The primary hydraulic cylinder 51¢ 1s connected to the
second pressure reduction valve 214, via a fourth o1l passage
204. The second pressure reduction valve 214 and the fourth
o1l passage 204 form a speed ratio control circuit of the CVT
5. The second pressure reduction valve 214 1s a valve for
controlling the speed ratio v of the CVT 5. The second
pressure reduction valve 214 controls the amount (pressure)
of o1l supplied to the primary hydraulic cylinder 51¢. The
second pressure reduction valve 214 regulates the first line
pressure P,, as an original pressure to the primary pressure
P. ., and supplies the pressure P, to the primary hydraulic
cylinder 51¢. The second pressure reduction valve 214
controls the primary pressure P, ., based on the signal
pressure P, , received from the linear solenoid valve SLP.
The ECU 100 controls a hydraulic command signal gener-
ated to the linear solenoid valve SLP, so as to adjust the
primary pressure P. With the primary pressure P, thus
changed, the V-groove width of the primary pulley 51
changes. The ECU 100 controls the speed ratio v of the CVT
5, by controlling the primary pressure P,

Under upshift control, for example, the primary pressure
P. 1s increased, so that the V-groove width of the primary
pulley 31 is continuously reduced. During upshift, the speed
ratio v of the CVT 5 1s continuously reduced. Under down-
shift control, the primary pressure P, 1s reduced, so that the
V-groove width of the primary pulley 51 i1s continuously
increased. During downshiit, the speed ratio v of the CVT 5
1s continuously increased. During downshift, the o1l 1n the
primary hydraulic cylinder $1c¢ 1s discharged from a drain
port of the second pressure reduction valve 214, so that the
primary pressure P, 1s reduced. Also, under speed ratio
maintenance control executed during free running, the speed
ratio v of the CVT 5 1s kept substantially constant. For
example, the fourth o1l passage 204 1s closed by the second
pressure reduction valve 214, so that the primary pressure
P. 1s kept at a given value. Even 1n the case where the speed
ratio v 1s to be kept constant, the primary pressure P, may
be reduced unintendedly, due to o1l leakage. Therefore,

during the speed ratio maintenance control, the second




US 10,196,061 B2

11

pressure reduction valve 214 may be opened only by a given
channel cross-sectional area, such that the first o1l passage
201 and the fourth o1l passage 204 communicate with each
other. In this manner, a part of the first line pressure P,, can
be supplied to the primary hydraulic cylinder 51c.

The secondary hydraulic cylinder 52¢ 1s connected to the
third pressure reduction valve 215, via a {ifth oil passage
205. The third pressure reduction valve 215 and the fifth o1l
passage 205 form a clamping force control circuit of the
CV'T 5. The third pressure reduction valve 215 1s a valve for
controlling the belt clamping force. The third pressure
reduction valve 215 controls the amount (pressure) of oil
supplied to the secondary hydraulic cylinder 52¢. The third
pressure reduction valve 215 regulates the first line pressure
P,, as an original pressure to the secondary pressure P_ .
and supplies the pressure P_ . to the secondary hydraulic
cylinder 52¢. The third pressure reduction valve 215 controls
the secondary pressure P__, based on the signal pressure
P, . received from the linear solenoid valve SLS. The ECU
100 controls a hydraulic command signal generated to the
linear solenoid valve SLS, so as to adjust the secondary
pressure P_ . With the second pressure P_ . thus changed,
the belt clamping force of the CV'T 5 changes. The ECU 100
controls the clamping force of the CV'T 5, by controlling the
secondary pressure P_ .

For example, the third pressure reduction valve 215
operates to increase the secondary pressure P_ . of the
secondary hydraulic cylinder 52c¢ as the signal pressure P,
increases. Namely, the ECU 100 increases a hydraulic
command value to the linear solenoid valve SLS, so as to
increase the belt clamping force. The belt clamping force 1s
force with which the belt 53 1s clamped by the V groove of
cach pulley 51, 52. With the belt clamping force thus
applied, Irictional force 1s produced between both of the
pulleys 51, 52 and the belt 53 in the rotating CV'T 5. Namely,
owing to the belt clamping force, tension arises 1n the belt
53 that 1s wrapped around the V grooves of the respective
pulleys 51, 52. Accordingly, the secondary hydraulic cylin-
der 52¢ needs to produce belt clamping force that prevents
the belt 53 from slipping in both of the pulleys 51, 52. Thus,
the secondary pressure P_ . 1s regulated and controlled by
the third pressure reduction valve 215, so that the required
belt clamping force 1s generated. When no belt slipping
occurs, such as when rotation of the CVT 3§ 1s stopped, the
required belt clamping force 1s reduced. In this case, the o1l
in the secondary hydraulic cylinder 52¢ 1s discharged from
a drain port of the third pressure reduction valve 215, so that
the secondary pressure P__ . 1s reduced.

FIG. 5A and FIG. 5B are flowcharts illustrating one
example of free-running control. The ECU 100 executes
control flow illustrated 1n FIG. SA and FIG. 5B, {from a
condition where the vehicle Ve 1s controlled 1n a normal
traveling state. In the normal traveling state, the second
clutch C2 1s engaged, and the vehicle Ve travels forward
with power of the engine 1.

The determining unit 104 determines whether the accel-
erator pedal 1s 1n the OFF state (accelerator-OFF), based on
a signal from the accelerator pedal position sensor 36, during
normal traveling of the vehicle Ve (step S1). If the accel-
erator pedal 1s 1n the OFF state, and an athrmative decision
(YES) 1s obtained in step S1, the determining unit 104
determines whether the brake pedal 1s 1n the OFF state
(brake-OFF), based on a signal from the brake stroke sensor
37 (step S2). In steps S1, S2, the determining unit 104
determines whether a condition (free-running execution
condition) under which free running 1s started 1s satisfied.
The free-running execution condition 1s that the accelerator
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pedal 1s 1n the OFF state and the brake pedal 1s in the OFF
state, during normal traveling of the vehicle Ve. Therelore,
when the accelerator pedal 1s not in the OFF state, and a
negative decision (NQO) 1s obtained 1n step S1, or when the
brake pedal 1s not 1n the OFF state, and a negative decision
(NO) 1s obtained in step S2, the free-running execution
condition 1s not satisfied. The ECU 100 finishes this control
routine, when a negative decision (NO) 1s obtained 1n step
S1 or when a negative decision (NO) 1s obtained 1n step S2.
Namely, the vehicle Ve 1s kept 1n the normal traveling state,
without being brought mto a free-running state. The state-
ment that the accelerator pedal 1s 1n the OFF state means that
the accelerator pedal 1s returned to the original position, such
as when the driver releases the accelerator pedal. The
accelerator pedal 1s in the OFF state when the operation
amount of the accelerator pedal (or the accelerator pedal
stroke) 1s equal to zero. The statement that the brake pedal
1s 1n the OFF state means that the brake pedal 1s returned to
the original position, such as when the driver releases the
brake pedal. The brake pedal 1s 1n the OFF state when the
brake pedal force or brake stroke amount 1s equal to zero.

When the brake pedal 1s 1n the OFF state, and an aflir-
mative decision (YES) 1s obtained in step S2 (the free-
running execution condition: satisfied), the traveling con-
troller 101 releases the second clutch C2 (step S3), and
detects the speed ratio v of the CVT 5 (step S4). The order
ol execution of step S3 and step S4 1s not limited to that of
FIG. SA. For example, step S3 and step S4 may be executed
at substantially the same time, or step S4 may be executed,
and step S3 may be then executed. After detecting the speed
ratio v of the CV'T §, the traveling controller 101 automati-
cally stops the engine 1 (step S5). Control of steps S3-5S35 1s
free-running start control.

In the free-running start control, the traveling controller
101 detects the speed ratio v of the CVT 5, belfore stopping
the engine 1. This 1s because, after the second clutch C2 1s
released and the engine 1 1s stopped, rotation of the CVT 3
1s stopped, and the speed ratio of the CVT 5 cannot be
detected. In sum, the traveling controller 101 1s only
required to be configured to detect the speed ratio v of the
CV'T 5§ at the start of free running.

The traveling controller 101 keeps the speed ratio v of the
CV'T 5 at the speed ratio detected at the start of free running
(step S6). For example, when step S5 and step S6 are
executed at the same time, the speed ratio v of the CVT 3 1s
fixed at the start of free running. Then, during free running
of the vehicle Ve, the traveling controller 101 keeps the
V-groove widths of the respective pulleys 51, 52 at the
V-groove widths at the start of free running. In this case, the
ratio (thrust ratio) between the thrust of the primary pulley
51 and the trust of the secondary pulley 52 is maintained.
Namely, the traveling controller 101 controls the hydraulic
pressure ratio (hydraulic pressure balance) between the
primary pressure P, and the secondary pressure P_ _, so that
the V-groove widths of the respective pulleys 51, 52 do not
change. Accordingly, the traveling controller 101 performs
control (speed ratio maintenance control) for keeping the
hydraulic pressure ratio or balance in a condition at the start
of free runming. In this manner, the speed ratio vy of the CVT
5 15 kept at a value at the start of free running. During free
running of the vehicle Ve, the traveling controller 101 can
reduce the primary pressure P, and the secondary pressure
P_ ., provided that the hydraulic pressure ratio or balance
can be kept 1n the condition at the start of free running. Since
rotation of the CV'T 5 1s stopped during free runming of the
vehicle Ve, the V-groove widths of the respective pulleys 51,
52 can be kept 1n a condition at the start of free running, even
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if the hydraulic pressures applied to these pulleys are lower
than those before start of free running. Further, the traveling
controller 101 detects the vehicle speed V, during {free
running of the vehicle Ve (step S7).

The determining unit 104 determines whether a condition
(free-running return condition) under which the vehicle Ve
returns from free running to normal traveling i1s satisfied
(step S8). The free-running return condition includes the
case where the accelerator pedal 1s 1n the ON state (accel-
erator-ON), or the case where the brake pedal 1s 1n the ON
state (brake-ON). When a free-runming return command 1s
generated 1n response to a driver’s request 1n the form of
“accelerator-ON” or “brake-ON”, the free-running return
condition 1s satisfied, and an athrmative decision (YES) 1s
obtained in step S8. Also, the free-running return condition
may include electric power consumption, the state of charge
(SOC) of the battery, the o1l temperature of the transmission,
ctc. On the basis of these parameters, a free-running return
command requested by the system 1s generated. If the
free-running return condition 1s not satisfied, and a negative
decision (NO) 1s obtained 1n step S8, the ECU 100 returns
to step S7, detects the current vehicle speed V, and repeats
the determining operation of step S8. The accelerator pedal
1s 1 the ON state (accelerator-ON) when the accelerator
pedal 1s depressed by the driver, namely, when the operation
amount of the accelerator pedal (or the accelerator pedal
stroke) 1s larger than zero. The brake pedal 1s 1n the ON state
(brake-ON) when the brake pedal 1s depressed by the dniver,
namely, when the brake pedal force or the brake stroke
amount 1s larger than zero.

If the free-running return condition is satisfied, and an
allirmative decision (YES) 1s obtained in step S8, the return
controller 102 calculates a target speed ratio vy, at the time
of return from Iree running (step S9). Also, the return
controller 102 restarts the engine 1 (step S10), and performs
shift control on the stepless speed change part (CV'T 5) (step
S11). In step S11, downshiit control for increasing the speed
ratio y of the CVT 5 toward the target speed ratio vy,,, 1s
performed. More specifically, the return controller 102 cal-
culates the target speed ratio v,,, at the time of return from
free runming, based on a shift map representing the relation-
ship between the vehicle speed V and the mnput shait speed
N. . One example of the shift map 1s shown in FIG. 6.

As shown 1n FIG. 6, the speed ratio v of the CVT 5 1s
determined, based on the vehicle speed V and the 1input shaft
speed N as parameters. The speed ratio of the CVT 5 1s
changed based on the shift map. Here, the case where the
speed ratio v of the CV'T 5 at the start of free running 1s equal
to the minimum speed ratio y,_ . will be described. During
free running of the vehicle Ve, the speed ratio v of the CVT
5 1s kept at the minimum speed ratio v, .. The vehicle speed
V, at the time of return from free running 1s lower than the
vehicle speed V, at the start of free running. Therefore, the
CV'T 5 1s shifted down, as shift control of the stepless speed
change part at the time of return from free running. With the
downshiit control thus performed, the speed ratio v of the
CV'T 5 1s changed from the minimum speed ratio vy, .~ at the
start of free runmng, to the target speed ratio vy,,. As a
method of determining the target speed ratio v,,,. the speed
ratio setting unit 103 determines a target input shaft speed
N. *, and determines the speed ratio based on the target
input shatt speed N. * and the vehicle speed V, at the time
when the return condition is satisfied, as the target speed
ratio v,,,. The target input shaft speed N, * 1s set to a value
larger than a given rotational speed at which engine stall
occurs, or the NV performance deteriorates. For example,
the target input shaft speed N, * 1s set to an mput shatt speed
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on a coast line. The coast line 1s a shift line for the case
where the operation amount of the accelerator pedal 1s equal
to zero (Acc=0%) during normal traveling. At the vehicle
speed V, at the time of return from free running, the input
shaft speed corresponding to the minimum speed ratio v, .
1s lower than the target input shait speed N. * on the coast
line. This 1s because the vehicle speed V., at the time of
return from 1Iree running 1s lower than the lower-limit
vehicle speed V  1n the case where the vehicle coasts at the
minimum speed ratio v_ . . Thus, with the downshift control
thus performed at the time of return from free running, the
input shaft speed N, 1s increased to the target input shaft
speed N * on the coast line. The return controller 102
reduces the primary pressure P, by discharging the oil in the
primary hydraulic cylinder 51c¢, so as to increase the
V-groove width of the primary pulley 51. As a result, the
speed ratio v of the CVT 5 15 increased toward the target
speed ratio v,,,.

After the shift control of step S11 1s started, the deter-
mining unit 104 determines whether a difference (=ly,, -
Y.c:) between the target speed ratio y, ., and the actual speed
ratio y__. of the CVT § 1s equal to or smaller than a
predetermined threshold value a. (step S12). Since the CV'T
5 1s rotating at this time, the actual speed ratio v_ . can be
detected (calculated) based on detection values of the mput
shaft speed N, and the first output shatt speed N__.,. I the
difference between the speed ratios 1s larger than the thresh-
old value ¢, and a negative decision (NO) 1s obtained 1n step
S12, the ECU 100 returns to step S11, and continues shift
control of the stepless speed change part.

I the difference between the target speed ratio vy,,, and the
actual speed ratio v__, of the CVT 5 1s equal to or smaller
than the threshold value o, and an athrmative decision
(YES) 1s obtained in step S12, the return controller 102
engages the second clutch C2 (step S13). When the difler-
ence between the speed ratios 1s equal to or smaller than the
threshold value o as described above, a difference between
the first output shaft speed N__ ., and the second output shaft
speed N__ ., 1s reduced. Therefore, the rotational speeds of
the engaging elements of the second clutch C2 become close
to the synchronous rotational speed. Accordingly, shock can
be reduced when the second clutch C2 1s engaged. With step
S13 thus executed, the second clutch C2 1s engaged, and the
engine 1 1s driven; therefore, the free-running state ends.
Namely, 1f step S13 1s executed, the return control 1s
completed. In sum, the vehicle returns from free running,
when the ECU 100 restarts the engine 1, and engages the
second clutch C2, during free running of the vehicle Ve.
When the vehicle returns from free running to normal
traveling, this control routine ends.

The control of steps S8-513 1s control (return control) for
returning the vehicle from free running to normal traveling.
The return controller 102 1s configured to restart the engine
1, resume rotation of the CVT 5, and perform shiit control
(downshift) of the CVT 3, before engaging the second clutch
C. In sum, the time at which the engine 1 1s restarted is
different from the time at which the second clutch C2 1s
engaged. After the engine 1 1s restarted, and the downshiit
control of the CVT § 1s started, the second clutch C2 1s
engaged.

FIG. 7 1s a time chart of the case where free-running
control 1s performed. During normal traveling of the vehicle
Ve at a given vehicle speed V, the “acceleration-OFF” state
1s detected, and the free-running control 1s started (time t,).
At time t,, the brake pedal 1s 1n the OFF state. Once the
free-running control 1s started, clutch release control for
reducing the second clutch pressure P, of the second clutch
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C2 down to zero 1s started. When the second clutch pressure
P., becomes equal to zero, the second clutch C2 1s com-
pletely released (time t,). Also, supply of fuel to the engine
1 and 1gnition are stopped, so that the engine speed N_ and
the mput shait speed N, are reduced. Since the second
clutch C2 1s released, the first output shaft speed N_ ., 1s
reduced to be lower than the second output shait speed
N_ .. Then, rotation of the engine 1 1s stopped (time t;). At
time t,, rotation of the CV'T 5§ 1s also stopped, so that all of
the engine speed N, the mnput shait speed N. , and the first
output shait speed Nmﬂ become equal to zero. During a
period between time t, and time t;, the hydraulic pressures
(primary pressure P, secondary pressure P_ ) in the respec-
tive hydraulic cylinders 51¢, 52¢ are reduced to given
hydraulic pressures, such that the thrust ratio (hydraulic
pressure ratio) between the pulleys 51, 52 1s maintained. The
grven hydraulic pressures are set to larger values than zero.
During free-running control, the hydraulic pressure ratio
between the primary pressure P, and the secondary pressure
P_ .1s kept at the ratio at the start of free-running. Also, the
vehicle speed V 1s reduced during free running in the
example shown in FIG. 7.

Then, a command for return from free running is detected
(time t,). At time t,, the “accelerator-ON” state 1s detected,
so that the free-running return condition 1s satisfied, and the
free-running return control 1s started. A hydraulic pressure 1s
supplied to the hydraulic actuator of the second clutch C2
that has been completely released, and the second clutch
pressure P, 1s increased to such a level that reduces a gap
between the engaging clements of the clutch C2. For
example, as a preparation stage before engagement of the
second clutch C2, the second clutch pressure P, 1s con-
trolled to a level at which the transmission torque capacity
of the second clutch C2 1s equal to zero, and the gap between
the engaging elements 1s eliminated. Also, the hydraulic
pressures (primary pressure P, , secondary pressure P__ ) are
supplied to the respective hydraulic cylinders S1¢, 52¢ of the
CV'T 5. In this case, the primary pressure and the secondary
pressure P_ . are increased, in a condition where the hydrau-
lic pressure ratio 1s maintained or kept constant.

Further, the return controller 102 executes engine start
control, and restarts the engine 1. In the engine start control,
the engine 1 1s started by cranking, by means of a starter, for
example. Then, the engine 1 1s brought into a self-operating
state (time t.). The self-operating state 1s a state 1n which
combustion takes place in each cylinder of the engine 1, and
the engine 1 rotates by 1tself. The engine 1 shiits from a state
in which 1t 1s rotated by a starter, or the like, to the state 1n
which 1t can rotate by 1tself. The engine speed N at this time
1s a self-rotational speed. Once the engine 1 1s placed in the
self-operating state, 1t starts generating engine torque,
through fuel supply and 1gnition, and the engine speed N
starts increasing. Namely, the CVT 3 starts rotating, and the
input shaft speed N, and the first output shaft speed N___,
start increasing from zero. Therefore, at time t., the primary
pressure P, and the secondary pressure P___ of the respective
pulleys 51, 52 are increased so as to prevent the belt 53 of
the CVT § from slipping. In this connection, when the
engine start control 1s executed after time t4, and the CVT
5 starts rotating, the primary pulley 51 and the secondary
pulley 52 start rotating at the same time, so that the input
shaft speed N (=turbine speed N ) and the first output shaift
speed N_ . start increasing from zero at the same time.

From time ts, the return controller 102 starts downshiit
control of the CV'T 5. In the downshiit control, the primary
pressure P, 1s reduced, and the secondary pressure PGM
increased. As a result, the V-groove width of the primary

10

15

20

25

30

35

40

45

50

55

60

65

16

pulley 51 1s increased, and the V-groove width of the
secondary pulley 52 is reduced. With the downshift control
thus started, the speed ratio v (the actual speed ratio y_ ) of
the CV'T 3 starts increasing toward the target speed ratio vy, .
Namely, the mput shaft speed starts increasing toward the
target input shait speed N, *. Further, during execution of

the downshift control (while the CVT 5 1s being shifted
down), the return controller 102 controls the second clutch
pressure P, within a range in which the second clutch C2
does not produce the transmission torque capacity. In this
case, the second clutch pressure P, 1s kept at a given
hydraulic pressure that i1s larger than zero. Then, when the
speed ratio y of the CV'T 5 reaches the target speed ratio vy,
the downshiit control 1s completed (time t,). When the speed
ratio v of the CV'T 5 becomes equal to the target speed ratio
Yier Al ime tg, the first output shatt speed N_,,, becomes
equal to the second output shaft N_ .. Theretore, the ECU
100 starts engagement control of the second clutch C2 from
time t.. Through the engagement control, the second clutch
pressure P, that has been kept at the given hydraulic
pressure 1s 1ncreased, so that the second clutch C2 1s
completely engaged (time t,). At time t,, the free-running
return control 1s completed. In this manner, return from free
running to normal traveling 1s completed. During a period
between time t; and time t., the CVT 5 1s 1n the middle of
downshifting, and the actual speed ratio y__. of the CVT 5 1s
continuously increased.

Here, 1t 1s to be noted that time t 1s the time at which the
second clutch C2 1s engaged. How the input shaft speed N,
(=engine speed N ) detected at this time t, differs depending
on whether or not downshift was performed will be studied.
For the sake of comparative explanation, 1t 1s assumed the
first output shaft speed N_ ., 1n the case where downshiit
was performed, and the first output shatft speed N_ ., 1n the
case where no downshiit was performed are equal to each
other at time t.. In this connection, time t. 1s the time at
which, 1n the second clutch C2, the rotatlonal speed (=first
output shaft speed N_ _,) of the imnput-side engaging element,
and the rotational speed (=second output shatt speed N_ )
of the output-side engaging element become equal to each
other.

During the period between time t. and time t, of FIG. 7,
as a comparative example of the case where downshiit
control was not performed, the input shait speed (which will
be called “comparative speed”) N. , of the comparative
example, and the speed ratio (which will be called “com-
parative speed rat10”) yv__, of the comparative example are
indicated by respective one-dot chain lines. The comparative
speed ratio v__,, which 1s equal to the speed ratio v of the
CV'T 5 at the start of free running, 1s smaller than the target
speed ratio y,.,. Accordingly, at time t4, the input shatt speed
N;,, (5V:e¥N,, 1 ) 1n the case where the downshitt control was
performed 1s higher than the comparative rotational speed
N. o (=y_,xN_ ) n the case where the downshiit control
was not performed. Further, in the period between time t.
and time t., the amount of increase (rate of increase) of the
input shait speed N 1s larger than the amount of increase
(rate of increase) of the comparative rotational speed N, .
Namely, the return controller 102 executes downshiit con-
trol, so that the mput shaft speed N, (engine speed N ) at the
time when the second clutch C2 i1s engaged can be made
higher than that 1n the case where the downshift control was
not performed. Thus, the mnput shaft speed N, (engine speed
N_) at the time of return from Iree running can be made
higher than a low-rotational-speed range (that 1s lower than
a possible rotational speed range during normal traveling) in




US 10,196,061 B2

17

which the NV performance deteriorates, or a low-rotational-
speed range 1n which engine stall occurs.

As explained above, according to the vehicle control
system of this embodiment, when the vehicle returns from
free running to normal traveling, the continuously variable
transmission 1s shifted down before the clutch 1s engaged, so
that the input shait speed 1s less likely or unlikely to be
reduced due to engagement ol the clutch. Thus, since
reduction of the engine speed at the time of return from free
running can be curbed, the driver 1s less likely or unlikely to
feel strange or uncomiortable. Furthermore, free-running
control can be continued until the vehicle speed becomes
lower than that permitted in the known system.

The above-described target input shatt speed N, * 1s not
limited to the rotational speed on the coast line. In sum,
when the vehicle returns from free running, it 1s only
required to prevent the engine speed N_ from being included
in a low rotational speed range in which engine stall or
deterioration of noise and vibration (NV) causes a problem,
due to engagement of the second clutch C2. To this end, the
target input shaft speed N, * 1s only required to be included
in a rotational speed range that 1s higher than the above-
described low-rotational-speed range; thus, the target input
shaft speed N, * may be higher than the input shatt speed on
the coast line, or may be lower than the input shaft speed on
the coast line.

Next, a modified example of the ECU 100 as described
above will be described. In this modified example, a plu-
rality of conditions, 1.e., a first return condition, a second
return condition, and a third return condition, are set as
free-running return conditions. The ECU 100 of this modi-
fied example 1s configured to set a selected one of target
speed ratios of ditlerent values to the target speed ratio at the
time of return from free running, according to the condition
that 1s satisfied, as one of the plurality of return conditions.
Namely, the target input shaft speed in the downshiit control
at the time of return from free running can be varied,
according to the satisfied return condition. In the following
description of the modified example, the same or similar
configuration as that of the above-described embodiment
will not be described.

FIG. 8A and FIG. 8B are flowcharts illustrating free-
running control executed by the ECU 100 of the modified
example. Steps S21-527, S37-540 of FIG. 8A and FIG. 8B
are substantially identical with steps S1-S7, S10-513 of FIG.
5A and FIG. 5B. Here, steps S28-S36 of FIG. 8 will be
described.

The determiming unit 104 determines whether the accel-
erator pedal 1s 1n the ON state (accelerator-ON), during free
running of the vehicle Ve (step S28). In step S28, 1t 1s
determined whether a first return condition, as one of the
free-running return conditions, 1s satisfied. The first return
condition 1s that the accelerator pedal 1s 1n the ON state
(accelerator-ON). If the accelerator pedal 1s in the ON state,
and an athrmative decision (YES) 1s obtained 1n step S28
(first return condition: satisfied), the speed ratio setting unit
103 calculates a first target speed ratio vy,,, , at the time of
return from free running caused by “accelerator-ON” (step
S29). The speed ratio setting unit 103 determines a first
target input shaft speed N * at the time of *“accelerator-
ON” return, based on a shift map shown in FIG. 9 which will
be described later. Then, the speed ratio setting unit 103
determines the first target speed ratio vy, , ,, using the first
target mput shaft speed N _*, and the vehicle speed V
detected in step S27. Also, the speed ratio setting unit 103
sets the first target speed ratio y,,, , calculated in step S29,

as the target speed ratio vy,,, at the time of return from free
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running (step S30). If the first return condition 1s satisfied,
and the target speed ratio vy, 1s set to the first target speed
ratio vy,., ., the ECU 100 proceeds to step S37.

If the accelerator pedal 1s not in the ON state, and a
negative decision (NO) 1s obtained in step S28, the deter-
mining unit 104 determines whether the brake pedal is 1n the
ON state, during free running of the vehicle Ve (step S31).
In step S31, 1t 1s determined whether a second return
condition, as one of the free-running return conditions, 1s
satisfied. The second return condition 1s that the brake pedal
1s 1n the ON state (brake-ON). If the brake pedal 1s in the ON
state, and an athrmative decision (YES) 1s obtained 1n step
S31 (second return condition: satisfied), the speed ratio
setting unit 103 calculates a second target speed ratio vy, . ,
at the time of return from free running caused by “brake-
ON” (step S32). The speed ratio setting unit 103 determines
a second target input shaft speed N,, ,* at the time of
“brake-ON” return, based on the shift map shown in FIG. 9
which will be described later. Then, the speed ratio setting
unit 103 determines the second target speed ratio vy, ,.
using the second target input shaft speed N, *, and the
vehicle speed V detected in step S27. Also, the speed ratio
setting unit 103 sets the second target speed ratio vy, , ,
calculated in step S32, as the target speed ratio vy, at the time
of return from free runming (step S33). If the second return
condition 1s satistied, and the target speed ratio v,,, 1s set to
the second target speed ratio vy, ,, the ECU 100 proceeds to
step S37.

If the brake pedal 1s not in the ON state, and a negative
decision (NO) 1s obtained 1n step S31, the determining unit
104 determines whether another return condition 1s satisfied,
during free running of the vehicle Ve (step S34). In step S34,
it 1s determined whether a third return condition, as one of
the free-running return conditions, 1s satisfied. The other
return condition (third return condition) 1s a return condition
other than “accelerator-ON” and “brake-ON”. For example,
the third return condition may be selected from the case
where the actual vehicle speed V reaches the upper or lower
limit of a vehicle speed range in which free running is
teasible, the state of charge (SOC) of the battery, the o1l
temperature (I/M o1l temperature) of the transmission, and
so forth. For example, the third return condition 1s satisfied,
when the vehicle speed V 1s reduced during free running,
and reaches the lower-limit vehicle speed in the range 1n
which free running 1s feasible. Also, the third return condi-
tion 1s satisfied, when the power of the battery 1s consumed
during free running, and the SOC 1s reduced to a predeter-
mined threshold value. In another example, the third return
condition 1s satisfied, when the T/M o1l temperature 1is
reduced during free runming, and reaches a predetermined
temperature. I the T/M o1l temperature 1s reduced, the
viscosity of the o1l increases, and the viscosity resistance
increases. As the viscosity resistance increases, a loss
increases when rotating members, such as gears, rotate, and
the traveling distance 1s shortened. Namely, 1n step S34, 1t 1s
determined whether a free-running return command
requested by the system 1s generated. If the third return
condition 1s not satisfied, and a negative decision (NO) 1s
obtained in step S34, the ECU 100 returns to step S27.

I1 the third return condition 1s satisfied, and an athrmative
decision (YES) 1s obtained in step S34, the speed ratio
setting unit 103 calculates a third target speed ratio vy,,, . at
the time of return from free running caused by satistfaction
of the other return condition (step S35). The speed ratio
setting unit 103 determines a third target input shaft speed
N. _* at the time of other returns, based on the shift map
shown in FIG. 9 which will be described later. Then, the
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speed ratio Setting unit 103 determines the third target speed
ratio vy,,, ., using the third target input shatt speed N, _*,
and the vehicle speed V detected 1n step S27. Also, the speed
ratio setting unit 103 sets the third target speed ratio vy,,, .
calculated 1n step S35, as the target speed ratio vy, at the time
of return from free running (step S36). If the third return
condition 1s satisfied, and the target speed ratio vy, , 1s set to
the third target speed ratio v,,, .. the ECU 100 proceeds to
step S37.

FIG. 9 1s an explanatory view showing the shift map of
this modified example. In FIG. 9, a broken line indicates the
first target input shatt speed N,, ,* at the time of “accel-
erator-ON” return, a one-dot chain line indicates the second
target input shatt speed N, ,* at the time of “brake-ON”
return, while a two-dot chain line indicates the third target
input shaft speed N,, .* at the time of other returns. Like
FIG. 6, FIG. 9 shows the case where the vehicle Ve returns
from Iree running at a vehicle speed V,, after 1t starts
free-running from an operating state of a vehicle speed V,
at the minimum speed ratio v, . . The vehicle speed V, at the
time when a return condition 1s satisfied 1s lower than the
vehicle speed V, at the start of free-running, and is also
lower than the lower-limit vehicle speed V_ when the vehicle
Ve coasts at the minimum speed ratio v_ . . In the example
shown 1n FIG. 9, too, the input shaft speed at the time of
vehicle speed V, on a straight line corresponding to the
mimmum speed ratio v, . 1s lower than the input shatt speed
on the above-described coast line.

The speed ratio setting unit 103 determines the target
input shatt speed N, *, and sets the target speed ratio vy,,,
based on the target input shaft speed N. * and the vehicle
speed V, at the time when the return condition 1s satisfied.
The target input shatt speed N * of this modified example
1s selected from the first target 111p11t shaft speed N,,, ,*, the
second target input shaift Speed N,, ,*, and the third target
input shait speed N,, .. Each of the target input shaft
speeds N _* N.

* 15 set to a value included 1n a rotational
speed

range (that is equal to or higher than the input shaft
speed on the coast line at vehicle speed V,, for example) 1n
which no problem arises from occurrence of engine stall and
deterioration of vibration and noise (NV).

Since an acceleration request 1s made when the accelera-
tor pedal 1s 1n the ON state (the first return condition:
satisfied) at the time of return from free running, the engine
torque needs to be transmitted to the drive wheels. On the
other hand, since a braking request 1s made when the brake
pedal 1s 1 the ON state (the second return condition:
satisfied) at the time of return from free running, 1t 15 not
necessary to transmit engine torque to the drive wheels 11,
but 1s only required to reduce the rotational speed of the
drive wheels 11. Namely, if completion of engagement of the
second clutch C2 1s delayed, and generation of drive torque
at the drive wheels 11 1s delayed, when the first return
condition 1s satisfied, the driver who 1s making a request for
acceleration may feel strange or uncomiortable.

Thus, 1n this modified example, the first target input shatt
speed N,,, ,* at the time of “accelerator-ON” return 1s set to
a rotational speed that 1s lower than the second target input
shatt speed N,,, ,* at the time of “brake-ON” return, and the
third target input shatt speed N,, _* at the time of other
returns. In the downshift operation at the time of return from
free running, the amount of rise (the amount of change of the
rotational speed during downshiit) of the mnput shait speed

N. (=engine speed N_) 1in the case where 1t 15 set to the first
target input shaft speed Nm . 1s reduced to be smaller than

that 1n the case where 1t 1s set to the second target input shaft
speed N,,, ,* or the case where it 1s set to the third target
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input shaft speed N,,, .*. As a result, the length of time 1t
takes for the input shatt speed N, (engine speed N ) to be
raised to the first target input shaft speed N,,, ,* at the time
of “accelerator-ON” return can be reduced, and the length of
time 1t takes to complete engagement of the second clutch
C2 can be reduced.
Also, the second target input shaft speed N, * at the time

of “brake-ON” return 1s set to a rotational speed that is
higher than the third target input shatt speed N,, _* at the
time of other returns. The above-indicated target input shaft
speeds have a relationship that “first target input shatt speed
N. *<third target input shaft speed N. _*<second target
input shaft speed N, ,*”. B

The respective target speed ratios Vier a> Vigr »5 Vegr o Q€
determined, according to the corresponding target input

shaft speeds N. N N_ _* determined as described

zﬂa? zﬂbﬂ iH_C

above. Namely, the relationship among the target speed
ratios corresponds to the relationship
(N,,, . <N,, .*<N,, ,*) of the target input shaft speeds. In
FIG. 9, a broken line indicates a first target speed ratio v,, |,
at the time of “accelerator-ON” return, and a one-dot chain
line indicates a second target speed ratio vy,,, , at the time of
“brake-ON” return, while a two-dot chain line indicates a
third target speed ratio vy,,, . at the time of other returns.
More specifically, the first target speed ratio vy, , at the
time of “accelerator-ON” return 1s smaller (high-gear side)
than the second target speed ratio v, , at the time of
“brake-ON” return, and the third target speed ratio vy, , _ at
the time of other returns. The second target speed ratio y,, ,,
at the time of “brake-ON” return 1s larger (low-gear side)
than the third target speed ratio vy,,, . at the time of other
returns. Thus, the respective target speed ratios are set so as
to satisty a relationship that “first target speed ratio
Y o~third target speed ratio v, ~<second target speed ratio

22

Yrgr_b '
The downshift amount (the amount of increase of the

speed ratio y of the CV'T 3) at the time of return from free
running 1s smallest when the target speed ratio vy, 1s set to
the first target speed ratio y,,, ,. Thus, the length of time it
takes for the speed ratio v of the CVT § at the time of
“accelerator-ON” return to reach (be changed to) the first
target speed ratio vy,,, , can be reduced, and the length of
time 1t takes to complete engagement of the second clutch
C2 can be reduced.

As explamed above, according to the vehicle control
system of this modified example, downshift control can be
performed so as to achueve the target speed ratio suitable for
vehicle conditions after the vehicle returns from free runming,
to normal traveling. Thus, the driver 1s less likely or unlikely
to feel strange or uncomiortable when the vehicle returns
from free runmng.

The disclosure 1s not limited to the embodiment and
modified example as described above, but may be changed
as needed without departing from the object of this disclo-
sure.

In the above-described embodiment and modified
example, the first path and the second path serving as power
transmission paths are formed in parallel with each other in
the power train. However, the disclosure 1s not limited to this
arrangement. The vehicle to which the subject matter of this
disclosure 1s applied 1s only required to have a clutch
provided between the continuously variable transmission
and the drive wheels, for disconnecting the engine from the
drive wheels.

The shift control at the time of return from free running
1s not limited to downshift control, but may be upshiit
control. For example, 1f the vehicle coasts along a downhill
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when the speed ratio of the CV'T 5 at the start of iree running,
1s larger than the minimum speed ratio, the vehicle speed at
the time of return becomes higher than the vehicle speed at
the start of free runming. In this case, upshiit control of the
CVT 5 may be performed at the time of return from free
running.

What 1s claimed 1s:
1. A control system of a vehicle, comprising:
an engine;
a continuously variable transmission;
drive wheels that receive drive power from the engine via
a power transmission path that extends through the
continuously variable transmission;
a clutch provided downstream of the continuously vari-
able transmission so as to be provided between the
continuously variable transmission and the drive
wheels 1n the power transmission path; and
an electronic control unit configured to
release the clutch and stop the engine when a prede-
termined execution condition 1s satisfied during trav-
cling such that the vehicle enters a coasting mode,

keep the continuously variable transmission at a speed
ratio established when the vehicle enters the coasting
mode,

restart the engine and perform a downshiit of the
continuously variable transmission when a predeter-
mined return condition 1s satisfied during the coast-
ing mode, and

engage the clutch after the downshift 1s started such
that the vehicle exits the coasting mode.

2. The control system of the vehicle according to claim 1,

wherein the electronic control unit 1s configured to:

shift the conftinuously variable transmission using a
vehicle speed and an mnput shaft speed of the continu-
ously variable transmission as parameters of a shift
map;

set a speed ratio, at which the mput shait speed 1s larger
than a predetermined value at the vehicle speed
detected when the return condition 1s satisfied, as a
target speed ratio based on the vehicle speed detected
when the return condition 1s satisfied and the shift map;
and

perform the downshift so as to increase the speed ratio of

the continuously variable transmission toward the tar-
get speed ratio.
3. The control system of the vehicle according to claim 2,
wherein:
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the return condition includes a case where an accelerator
pedal 1s depressed, and a case where a brake pedal 1s
depressed; and
the electronic control unit 1s configured to set the target
speed ratio such that the target speed ratio, in the case
where the accelerator pedal 1s depressed, 1s smaller than
the target speed ratio, in the case where the brake pedal
1s depressed.
4. The control system of the vehicle according to claim 2,
wherein the electronic control unit 1s configured to engage

the clutch when a diflerence between the speed ratio of the

continuously variable transmission, which 1s increased due
to the downshift, and the target speed ratio 1s equal to or
smaller than a predetermined threshold value.

5. The control system of the vehicle according to claim 1,
wherein the electronic control unit 1s configured to start the
downshift after the engine that is restarted 1s brought 1nto a
self-operating state.

6. The control system of the vehicle according to claim 1,
wherein:

the clutch includes a hydraulic actuator;
the hydraulic actuator 1s configured to frictionally engage

engaging elements of the clutch; and
the electronic control unit 1s configured to control a

hydraulic pressure of the hydraulic actuator, during
downshift of the continuously variable transmission,
such that the hydraulic pressure becomes equal to a
pressure level that 1s higher than zero, and 1s within a
range 1 which the clutch does not produce a transmis-
sion torque capacity.

7. The control system of the vehicle according to claim 1,
wherein the continuously variable transmission includes a
primary pulley which rotates with an input shaft, a second-
ary pulley that rotates with a secondary shaft, and a belt that
1s wrapped around V grooves in the primary and secondary
pulleys, and

wherein the clutch 1s provided between the secondary

shaft and an output shaft, the clutch being operable to
selectively disconnect the continuously variable trans-
mission from the output shaft.
8. The control system of the vehicle according to claim 7,
further comprising a counter gear mechanism including a
counter driven gear and a counter drive gear,
wherein an output gear 1s mounted on the output shafit, the
output gear meshing with the counter driven gear, and

wherein the counter drive gear meshes with a ring gear of
a differential gear unit, the drive wheels being con-
nected to the differential gear unit via axles.
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